Many adults with elevated clinic blood pressure (BP) have lower BP when measured outside the clinic. This phenomenon, the "white-coat effect", may be larger among older adults, a population more susceptible to the adverse effects of low BP. We analyzed data from 257 participants in the Jackson Heart Study with elevated clinic BP (systolic/diastolic BP [SBP/DBP] ≥140/90 mmHg) who underwent ambulatory BP monitoring (ABPM). The white-coat effect for SBP was larger for participants ≥60 versus <60 years in the overall population (12.2 mmHg; 95%CI: 9.2-15.1 and 8.4 mmHg; 95%CI: 5.7-11.1, respectively; p=0.06) and among those without diabetes or chronic kidney disease (15.2 mmHg; 95%CI: 10.1-20.2 and 8.6 mmHg; 95%CI: 5.0-12.3, respectively; p=0.04). After multivariable adjustment, clinic SBP ≥150 versus <150 mmHg was associated with a larger white-coat effect. Studies are needed to investigate the role of ABPM in guiding the initiation and titration of antihypertensive treatment, especially among older adults.
Introduction
In the United States, antihypertensive medication treatment decisions including those in the 2014 Evidence-based Guideline for the Management of High Blood Pressure in Adults: Report from the Panel Members Appointed to the Eighth Joint National Committee (JNC 8), are primarily based on blood pressure (BP) measurements obtained in the clinic setting. 1 Previous studies have reported that 20% to 25% of untreated adults and over 30% of treated adults with elevated clinic BP have non-elevated BP when measured outside of the clinic. 2, 3 Therefore, healthcare providers relying on clinic BP measurements may be unnecessarily initiating treatment and treating to a lower BP level than intended.
The optimal systolic BP (SBP) goal for adults ≥ 60 years is controversial. 4 Clinic-based studies have reported that a larger difference between clinic and out-of-clinic daytime BP, a white-coat effect, may be present in older individuals. 5, 6 Identifying a large white-coat effect among older adults has important implications given the possible increased susceptibility of this population to adverse events associated with low on-treatment BP. 7 The goal of the current study was to determine the white-coat effect among younger and older adults in a population-based sample. Additionally, we determined the prevalence of white-coat hypertension. To achieve these goals, we analyzed data from a population-based cohort of African Americans participating in the Jackson Heart Study.
Methods

Study participants
The Jackson Heart Study is a community-based observational study of African American adults recruited from urban and rural areas of 3 counties (Hinds, Madison, and Rankin) that comprise the Jackson, Mississippi metropolitan area. Baseline data collection occurred between September 2000 and March 2004. Details of the study design and recruitment have been published previously. [8] [9] [10] In brief, the study was designed to identify risk factors for cardiovascular disease (CVD) in African Americans. Individuals were selected for enrollment through a combination of drivers' license registries and commercially available lists. The final cohort includes 5,301 African American adults ≥ 21 years of age. The study protocol was approved by the Institutional Review Boards governing research in human subjects at the participating centers and all participants provided written consent.
Data collection
Data used for the current analysis were collected through an in-home interview, a study examination, and 24-hour ambulatory blood pressure monitoring (ABPM). Information on age, sex, education, income, cigarette smoking, and a history of diabetes were collected during the study interview. Total physical activity was assessed with the modified Baecke questionnaire which scores self-reported physical activity in sports, leisure time and at work on a scale of 1 (low) to 5 (high). 11 During the clinic visit, a standardized protocol was followed to obtain two BP measurements, measure waist circumference, and collect blood and urine samples. Information was recorded on all medications, vitamins, mineral supplements, and herbal or home remedies used within the two weeks prior to the participant's interview. 9 Participants were asked to fast overnight prior to their study visit. Urinary albumin was measured with the Dade Behring BN II nephelometer (Newark, Delaware). Serum and urine creatinine were measured using a multi-point enzymatic spectrophotometric assay on a Vitros 950 Ortho-Clinical Diagnostics analyzer (Raritan, New Jersey). Creatinine values were biochemically calibrated to Cleveland Clinic-equivalent Minnesota Beckman CX3 assay for analysis purposes. 12 eGFR was calculated via the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation, 13 and CKD was defined as ACR ≥ 30 mg/g or eGFR < 60 mL/min/1.73m 2 . Diabetes was defined as fasting (≥ 8 hours) plasma glucose ≥ 126 mg/dL, glycohemoglobin ≥ 6.5%, or use of antidiabetes medication.
During the clinic visit, BP was measured after a 5-minute rest with a Hawksley random zero sphygmomanometer (Hawksley and Sons Ltd) equipped with one of four cuff sizes selected following measurement of each participant's arm circumference. The average of the 2 measures taken 1 minute apart was used to define clinic BP. Upon completion of the study visit, all participants were invited to complete ABPM over the next 24 hours. A subset of 1,148 participants agreed and subsequently underwent ABPM. ABPM measurements were obtained with a portable, noninvasive oscillometric device (Spacelabs 90207; Medifacts International Ltd, Rockville, MD) with a cuff fitted to the participant's non-dominant arm. Trained technicians instructed participants in the proper use of the ABPM device. With the participant seated, 3-5 simultaneous ABPM and office sphygmomanometer BP readings were taken to confirm that the ABPM device was calibrated. The device was programmed to measure BP every 20 minutes for 24 hours, and participants were instructed to proceed with their normal daily activities but keep their arm still and extended at their side during each BP reading. Participants returned to the clinic after 24 hours for the removal of the device. The monitor was connected to a computer and the BP readings were downloaded with commercially available software (Medicom, version 3.41; Medifacts Ltd). Quality control was assured by technician recertification, procedural checklists, and data review. 9,14-16
Assessment of white-coat effect and white-coat hypertension
Mean daytime out-of-clinic SBP and diastolic BP (DBP) were calculated as the average of all ABPM measurements taken between 10 am and 8 pm. 17 For SBP and DBP, separately, the white-coat effect was calculated as clinic BP minus daytime out-of-clinic BP. Elevated clinic BP was defined as clinic SBP ≥ 140 mmHg or clinic DBP ≥ 90 mmHg. Non-elevated daytime out-of-clinic BP was defined as ABPM-derived SBP and DBP < 135 mmHg and < 85 mmHg, respectively. 2 White-coat hypertension was defined as elevated clinic BP with non-elevated daytime out-of-clinic BP. In a sensitivity analysis, white-coat hypertension was defined as elevated clinic BP with non-elevated 24-hour mean BP (i.e., ABPM-derived SBP and DBP < 130 mmHg and < 80 mmHg, respectively).
Statistical analysis
The current analysis was limited to participants with elevated clinic BP and valid ABPM data based on the International Database of Ambulatory Blood Pressure in relation to Cardiovascular Outcome (IDACO) criteria (n=257). Specifically, we required participants to have 10+ daytime (defined as 10am -8pm) and 5+ nighttime (defined as 12pm -6am) SBP and DBP measurements. 17 First, we determined baseline characteristics of study participants < 60 years of age, (i.e. "younger" adults) and ≥ 60 years of age, (i.e. "older" adults), overall, and restricted to participants without CKD or diabetes. We performed an analysis of those without CKD or diabetes since individuals without these conditions ≥ 60 years of age have a Tanner et al. Page 3 higher SBP threshold for initiation of treatment and a higher treatment goal in the recent JNC 8 guideline (SBP ≥150 mm Hg versus SBP ≥140 mm Hg for those without CKD and diabetes). 1 For the overall population and, separately, for those without CKD or diabetes, we calculated clinic and daytime out-of-clinic SBP and DBP and the white-coat effect by age group. Differences in the white coat effect between age groups were assessed using t-tests. Next, we used linear regression to identify factors associated with the white-coat effect in unadjusted and adjusted models. Initial adjustment included age and gender, with a subsequent model further adjusting for current smoking, total physical activity score, body mass index, diabetes, eGFR, clinic SBP, and antihypertensive medication use. We calculated the prevalence of white-coat hypertension by age for the overall population and, separately, for those without CKD or diabetes. We also calculated the percentage of study participants with ≥ 10 mmHg lower daytime out-of-clinic versus clinic SBP and, separately, DBP. We repeated the above analyses stratified by antihypertensive medication use status. In a sensitivity analysis, we calculated the prevalence of white-coat hypertension by age using the secondary definition described above. We also calculated the percentage of study participants with ≥ 10 mmHg lower 24-hour mean versus clinic SBP and, separately, DBP. Data management and statistical analysis was conducted using SAS version 9.2 (SAS Institute, Cary, NC).
Results
Participant characteristics
Older participants were less likely to be current smokers and more likely to have an eGFR < 60 mL/min/1.73m 2 and take antihypertensive medication compared to their younger counterparts (Table 1) . Additionally, older participants had lower levels of physical activity. When restricted to participants without CKD or diabetes, older adults were more likely than younger adults to be taking antihypertensive medication.
White-coat effect
The white-coat effect for SBP was larger for older, compared with younger, participants, overall (12. Table 2 ). The white-coat effect for DBP was smaller for older, compared with younger, participants (3.0 mmHg; 95% CI: 1.1, 4.9 mmHg versus 6.2 mmHg; 95% CI: 4.2, 8.1 mmHg, respectively; p=0.02) but was similar among older and younger adults without diabetes or CKD (5.9 mmHg; 95% CI: 2.7, 9.0 mmHg and 7.3 mmHg; 95% CI: 5.1, 9.5 mmHg, respectively; p=0.46). Table S1 shows the white-coat effect stratified by age for participants not taking and taking antihypertensive medication, separately.
Factors associated with white-coat effect
In the overall population, clinic SBP ≥ 150 versus < 150 mmHg was associated with a larger white-coat effect in unadjusted models and after multivariable adjustment (Table 3) . Among those without CKD or diabetes, older age and clinic SBP ≥ 150 mmHg versus < 150 mmHg Tanner et al. Page 4 were associated with a larger white-coat effect in unadjusted models. These associations remained present after multivariable adjustment.
Prevalence of white-coat hypertension
Over 30% of younger and older adults with elevated clinic BP had white-coat hypertension based on daytime BP (Figure 1, top panel) . Furthermore, 44.7% of younger adults and 49.7% of older adults had a ≥ 10 mmHg lower out-of-clinic daytime versus clinic SBP and 33.3% of younger adults and 24.5% of older adults had a ≥ 10 mmHg lower out-of-clinic daytime versus clinic DBP. These prevalence estimates were higher among participants without CKD or diabetes, (Figure 1, bottom panel) . Results were similar in a sensitivity analysis defining white-coat hypertension based on 24-hour mean BP rather than out-ofclinic daytime BP (Figure 2 ). Figure S1 shows the percentage of older and younger adults with elevated clinic BP who had non-elevated out-of-clinic daytime BP and ≥ 10 mmHg lower out-of-clinic daytime versus clinic SBP and DBP stratified by antihypertensive medication use.
Discussion
Among participants ≥ 60 years of age with elevated clinic BP in the current study, clinic SBP was on average 12.2 mmHg higher than daytime SBP. Further, almost half of this population had a clinic SBP ≥10 mmHg higher than their out-of-clinic daytime BP. The white-coat effect and the percentage of participants with a clinic SBP ≥10 mmHg higher than their out-of-clinic daytime BP were even larger for those without CKD or diabetes. Higher clinic SBP was associated with a larger white-coat effect in the overall population. Also, among those without CKD or diabetes, older age and clinic SBP ≥ 150 mmHg versus < 150 mmHg were associated with a larger white-coat effect.
The recently published Evidence-based Guideline for the Management of High Blood Pressure in Adults: Report from the Panel Members Appointed to the Eighth Joint National Committee (JNC 8) recommends treating older adults without diabetes or CKD to a SBP less than 150 mmHg. 1 This recommendation represents a fundamental shift from previous guidelines, including JNC 7, which recommended treating SBP in this population to less than 140 mmHg. 18 Although the new recommendation is based on lack of evidence from randomized controlled trials showing a benefit of a goal SBP less than 140 mmHg 1 , it has been controversial due to the high rate of CVD among older adults and a large body of observational data on the increased risk for CVD at higher levels of SBP. 4 However, overtreatment among older adults has also raised concern as this population may be more susceptible to adverse events (e.g. falls) associated with low on-treatment BP. 19 Using data from the 2005-2010 National Health and Nutrition Examination Surveys, we previously reported that 13.1% and 15.8% of untreated and treated adults ≥ 60 years of age without CKD or diabetes, respectively, had a clinic SBP of 140 to 149 mmHg. 20 Hence, a large number of older adults stand to be affected by the new BP treatment guidelines.
The treatment decisions in the JNC 8 guidelines are based on BP measurements obtained in the clinic setting. However, previous studies suggest that many adults with elevated clinic BP have normal BP when measured outside the clinic, and that there may be a larger whiteTanner et al. Page 5 coat effect among older adults. 21 ABPM can quantify the white-coat effect in older adults, and prior research demonstrates that the use of ABPM to diagnose white-coat hypertension is cost-effective. 22 However, data from a 5% random sample of Medicare beneficiaries showed a very low percentage (~0.1%) of beneficiaries had claims for ABPM between 2007 and 2010, and 95% of those with an ABPM claim were taking antihypertensive medication, suggesting that ABPM is not currently widely used among older adults, especially for diagnosing white-coat hypertension among untreated individuals. 23 The recently released draft BP screening recommendations by the United States Preventive Services Task Force (USPSTF) endorsed ABPM to confirm high BP before the diagnosis of hypertension in adults age 18 years and older. 24 This is based, in part, on the findings of a systematic review of published studies showing up to 65% of patients with elevated clinic BP did not have elevated BP on ABPM. 21 Furthermore, elevated 24-hour SBP was consistently associated with increased CVD risk, independent of clinic BP measurements. 21 White-coat hypertension is associated with a lower risk for CVD when compared to sustained hypertension. 25 Therefore, healthcare providers may be unnecessarily treating older individuals and/or treating to lower BP levels than anticipated. A recent study of Medicare beneficiaries reported antihypertensive medication to be associated with serious fall injuries [adjusted hazard ratios (95% CIs): 1.40 (1.03, 1.90) and 1.28 (0.91, 1.80) for moderate-intensity and high-intensity antihypertensive medication groups compared to nonusers]. 7 However, randomization to an SBP goal < 120 mmHg versus < 140 mmHg among people with type 2 diabetes in the Action to Control Cardiovascular Risk in Diabetes (ACCORD) trial was not associated with an increased risk for falls. 26 Future research is needed on the association between clinic and out-of-clinic BP and the risk for falls and other adverse events among older adults.
Since the Jackson Heart Study is restricted to African American participants, we could not assess racial differences in the white-coat effect. In a recent analysis of young adults (mean age ~30 years) participating in the Coronary Artery Risk Development in Young Adults (CARDIA) study, the prevalence of white-coat hypertension was 3.3% and 3.9% among African Americans and whites, respectively. 27 Also, a 2005 meta-analysis by Agyemang and colleagues showed no differences in the white-coat effect between blacks and whites. 28 Specifically, the weighted mean differences in the white-coat effect between African Americans and whites (i.e., the white-coat effect for African Americans minus the whitecoat effect for whites) were 0.31 (95% CI: −1.96, 2.57; p=0.79) and 0.18 (95% CI: −1.70, 1.35; p=0.82) for SBP and DBP, respectively. 28 Additional research is needed to determine whether the larger white-coat effect at older age observed among African Americans in the current study is also present among whites.
Strengths of the Jackson Heart Study include the large population-based sample of African American adults, collection of ABPM following a standardized protocol, and extensive data collection that allowed us to adjust for several potential confounders. Most prior studies of ABPM in the US have included clinic populations or have had scarce minority representation. Despite these strengths, the findings of the current study should be considered in the context of certain limitations. Clinic BP was measured on a single Tanner et al. Page 6 occasion. Some participants may not have had elevated clinic BP if measured on a separate day. ABPM was also measured on a single occasion, which may have resulted in some misclassification of the white-coat effect. Some participants may not have demonstrated a white-coat effect on re-testing. Finally, ABPM was conducted in only a sample of JHS participants and, of those, only 257 had elevated clinic BP. This resulted in a small sample size for some analyses.
In conclusion, clinic SBP was substantially higher than out-of-clinic SBP in the current study. This difference was larger among participants ≥ 60 versus < 60 years of age. Also, 32% of older individuals with elevated clinic BP had non-elevated out-of-clinic daytime BP. The white-coat effect and percentage of individuals with elevated clinic but non-elevated daytime BP were even larger for individuals without CKD or diabetes. Among older adults, the cardiovascular risk reduction benefits of antihypertensive medication initiation and intensification for individuals with elevated clinic BP should be balanced with potential adverse side effects associated with lower out-of-clinic BP. Given the large white-coat effect present, future studies are needed to investigate the role of ABPM in guiding antihypertensive treatment among older adults.
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